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Abstract 
A goal of gifted education is to enable gifted children to become autonomous learners and, as 
adults, creative participants in society.  In this study, we have implemented a program in 
which young children are provided with opportunities to become autonomous.  The approach 
is based on a “pull-out” enrichment program in science.  Children attend a 10-week series of 
workshop sessions in which the teacher scaffolds the development of science-related 
reasoning skills and knowledge construction in a social context that encourages discourse and 
argument.  The children develop the appropriate skills to undertake individual or group 
project work in a collaborative and creative fashion.  Analysis of qualitative data reveals that 
during the program the participants develop skills, independence and motivation to learn.  
The findings have significance for programming for the gifted and for teacher education.  
 
Introduction 
As educators we assume a major responsibility to support children in the achievement of their 
potential to become effective adults.  Those exceptional children who possess intellectual 
gifts need the opportunity to develop the skills and disposition to become creative 
individuals.  Creative individuals are those who see old knowledge in new ways and generate 
novel ideas or products in their domain.  These individuals contribute to the progress or 
understanding of society either through the evolution or revolution of ideas (Gardner, 1994).  
Evolutionary thinkers build on and extend existing ideas and apply those ideas in new ways, 
while revolutionary thinkers are those creative geniuses who contribute ideas that lead to 
paradigm shifts.  What distinguishes the creative individual is the capacity to develop domain 
specific expertise and to use that knowledge in a critical and insightful manner.  To be 
creative, an individual requires intellectual autonomy, expertise, and a culture supportive of 
unconventional thought.  Although creativity is mostly recognized in adulthood, these 
conditions are also necessary to facilitate its development through childhood.  In this paper 
we explore a program that attempts to maximise the growth of creativity through the 
development of autonomy and domain expertise in a social context of recognition and 
support.  We will explore some of the assumptions underpinning the program before detailing 
the approach adopted and analysing the evidence in support of the program’s effectiveness. 
 
Autonomy 
Autonomy and evolutionary progress.  The creative individual, having already mastered the 
domain, works actively to develop the domain.  Evolutionary growth in knowledge results in 
creative products that are essentially logical artefacts.  Such products are generally accepted 
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within the domain if the ideas are well communicated and adequately defended to peers.  
Creators of logical artefacts are duly acknowledged and for a time they lead the domain. 
Internalising the needs of domain, critical thinking, explanation, justification, and defence of 
unconventional ideas are essential skills associated with autonomy in evolutionary progress. 
 
Autonomy and revolutionary progress. Autonomy is also a feature of revolution in 
knowledge.  Such progress does not occur within a domain.  Rather, revolutionary progress 
occurs with the synthesis of domains or the development of a new domain.  In this instance, 
the creator is figuratively “the parent” of the domain as opposed to its current leader.  
Parenting a domain requires additional skills that include independence, determination, 
resilience, and a strong sense of self-confidence.  The creator of a new domain is breaking 
virgin ground and consequently, his or her product is not a logical artefact of an existing 
domain.  Creators in new domains need a high degree of autonomy.  There are no paths to 
follow, no peers to consult, and external gratification is unlikely.  Thus, the creator needs to 
be an independent and reflective thinker, who is self-regulated and intrinsically motivated.  
 
The importance of autonomy in creative work is evident in the case studies of seven “creators 
of the modern era” that were used by Gardner (1994) to develop a profile of an Exemplary 
Creator (E.C.).  According to Gardner the creative work of an E.C. is marked by two 
contrasting trends:  
 
a tendency to question every assumption and to attempt to strike out in one’s own as 
much as possible, and a countervailing tendency to exhaust a domain, to probe more 
systematically, deeply, and comprehensively than anyone has every probed before. (p. 
156) 
 
Autonomy enables individuals to deal with novelty and generate creative products.  Thus, it is 
a condition that involves expertise, critical thinking and problem solving skills and 
reflectivity.  It also involves a sceptical disposition towards existing ideas.   
 
We now consider some of the issues concerning expertise, thinking, recognition and the 
climate of learning that contributes to a fruitful learning environment for enriching gifted 
children.  
 
Development of domain expertise 
Expertise requires prolonged engagement with a domain of knowledge, development of 
thinking skills, enculturation into the practices of the domain and an understanding of one’s 
own metacognitive capabilities and affective dispositions.  Skilled thinking is important in 
the development of expertise because it leads to effective or novel conclusions (Ericksson, & 
Hastie, 1994) through brainstorming, decision-making and problem solving (Galotti 1989).  
However, thinking and conceptual knowledge are context bound being in part products of the 
situation in which they are developed (Brown, Collins, & Duguid, 1989; Perkins & Salomon, 
1989).  An important feature of thinking is the probing of domain specific knowledge from 
which inferences are made to reach conclusions (Baron, 1990).  The role of knowledge and 
its relationship to thinking often distinguishes “school thinking” from “real-world thinking”.  
School thinking is generally formal thinking in which all the necessary information is 
provided (Galotti, 1989).  In school, children learn limited factual information and resolve 
problems within that range (Okagaki & Sternberg, 1990).  Competent real world thinkers 
draw upon a substantial knowledge base, which they interrogate for the relevant information 
necessary to solve the problem.  Clearly, conceptual knowledge is a crucial component in 
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developing thinking skills, a principle that questions the utility of many generic thinking 
skills programs. 
 
Criteria for determining the quality of students’ thinking varies according to whether the 
problem is well structured or ill-structured.  The logic of a student’s thinking can be used to 
gauge the quality of reasoning about well-structured problems because there is certainty 
about the correctness of the answer.  However in ill-structured problem solving, higher-order 
reasoning extends beyond logical thinking to students’ assumptions about knowledge.  
According to Kitchener and Fischer (1990), solutions to these problems “must be constructed 
using evidence, expert opinion, reason, and argument, but no effective procedure is available 
that can guarantee a correct solution ... logic alone is insufficient to generate and construct 
solutions” (p. 49).  Generally, good thinking consists of a thorough search, questioning of 
assumptions and consideration of alternative possibilities.  Good thinkers do not necessarily 
think sequentially through the application of sets of rules but are often engaged in context-
dependent cycles of interpretations, intuitions, testing ideas with the evolution of solutions 
relevant to the problem (Lesh & Kelly, 1997).  In contrast, poor thinking involves strict 
application of heuristics, uncritical acceptance of information and a disregard for 
contradictory evidence.  
 
Recognition of potential  
In retrospective accounts of their childhood years, creative individuals often record the 
significant impact of key persons who provided support and encouragement.  These mentors 
were frequently family members but they also included sensitive and perceptive teachers.  In 
particular, teachers appear to support creative individuals in two ways (Csikszentmihalyi, 
1996):  
First, the teachers noticed the student, believed in his or her abilities and cared (emphasis 
in original).  Second, the teacher showed care by giving the child extra work to do, 
greater challenges than the rest of the class received. (p. 174) 
Knowing how teachers can support creative individuals prompts us to examine the social 
context of learning.   
 
The social context  
Contemporary research supports the view that students build an understanding of their 
discipline by the personal construction of meaning facilitated by social interaction with other 
learners in the domain (Doise & Mugny, 1984; Vygotsky 1978).  Important in capitalising on 
social interaction is the adoption of collaborative learning.  However, implementing effective 
collaboration is sometimes difficult in school situations (Blumenfeld, Marx, Soloway, & 
Krajcik, 1996), although it is often a feature of real-world problem solving.  The program 
described in this paper was designed for gifted children with an interest in science and 
provides opportunities for students to collaborate, to develop skills in critical and creative 
thinking, and to explore new scientific phenomena in a community of inquiry.  We recognize 
that science is part of a culture characterized by implicit rules and behaviors accepted by the 
scientific community.  Science involves a social discourse in which reasoning and thinking 
are viewed as a way of testing ideas critically through argument, social interactions, and 
relationships (Cobern, 1995; Kuhn, 1993a, 1993b; Lave & Wenger, 1991; Toulmin, Rieke, & 
Janik, 1984).  If children are to become proficient thinkers, they must observe and model the 
use of thinking tools by experts or communities of practitioners in authentic settings (Brown 
et al., 1989).  The program, therefore, was embedded in an environment that attempted to 
simulate the culture of science with its accompanying discourse. 
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Description of the program 
The enrichment program involved ten weekly sessions of ninety minutes.  These sessions 
occurred after school at the University.  Children were selected from applicants from a range 
of schools throughout the metropolitan area of a relatively large city on the basis of 
descriptive profiles provided by teachers and parents.  Selection criteria included anecdotal 
evidence of high ability such as advanced reading skills, an interest in science, and the need 
for enrichment experiences.  Approximately 15 children attended each program.  The 
children ranged in age from 5-8 years.  This program has been run each year since 1990. 
 
The emphasis in the first few weeks was on establishing a warm, supportive and exciting 
environment in which children formed social relationships with their peers and developed a 
rapport with the staff.  Few children knew each other and many were reluctant to discuss 
ideas with their peers, which was understandable because they were unaccustomed to 
discussing such ideas with their chronological peers in school.  Hence, some of these children 
needed to develop communication skills to interact appropriately with like-minded peers.  
Many of these children had considerable stores of information, and began to dominate 
discussions and not listen to or value the contributions of other children.  Other children were 
reticent to proffer ideas in group discussions perhaps due to past experiences of isolation or 
indifference in their classroom environments, and need to be encouraged to participate.  
Communication skills were developed in the enrichment program by planning activities that 
required teamwork, providing opportunities for all children to contribute to discussions, and 
by establishing an expectation that others listen to the speaker. 
 
A feature of the program was a general theme often associated with the physical sciences, 
such as “flight.”  The theme developed in different ways with various groups of children, as 
their interests demanded.  Thus, “exploration of space” emerged as a group project for one 
program, while “living in the future” became the focus of another program.  As the program 
progressed, deliberate strategies to be discussed shortly, were used to support the 
development of conceptual knowledge, thinking skills, and metacognition.  
 
At the conclusion of the program, the children designed and completed a project.  The final 
session involved a “science fair” type presentation in which the children displayed their 
projects to an audience of parents who had been primed to ask questions that required the 
students to explain, justify and elaborate on the significance of their projects. 
Strategies 
The key to implementing the program was to provide students with the opportunity to 
become self-assured, to engage in thinking in a scientific context and to apply their thinking 
to a project.  Firstly, the teacher demonstrated individual care and recognition of potential to 
establish a risk-free environment (Csikszentmihalyi, 1996).  Secondly, the teacher challenged 
the children with tasks of a scientific nature and scaffolded the development of a community 
of learners engaged in scientific reasoning.  Finally, the children were challenged to function 
autonomously and develop their own projects. 
 
Developing a risk free environment 
In the context in which the program was implemented, many of these children were 
unaccustomed to conversing with age peers about their interests.  Intellectually, they were 
often isolated in their home classrooms and were rarely challenged by their peers.  
Developing respect for each other’s ideas, a willingness to listen to each other’s ideas and 
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ability to communicate ideas were primary objectives.  To begin with, the teacher organized 
the physical seating arrangements into a horseshoe shape so that children had to face each 
other.  Children were encouraged to talk about themselves, their interests, who they knew and 
what they wanted to learn.  The teacher attempted to link children through their interests and 
common experiences.  The teacher also adopted a role of chairperson facilitating 
conversation and encouraging children to challenge each other with questions relating to 
points of conversation (Diezmann & Watters, 1998).  Children were also encouraged to 
speculate about outcomes of tasks and to defend their speculations.  The social environment 
provided the first step in developing a community of learners in which the participants could 
immerse themselves in the discourse and dialogue representative of science. 
 
Scaffolding the development of a community of learners 
The teacher scaffolded a number of components essential to the development of the 
community.  Scaffolding involves the provision of a variety of support strategies to extend 
students’ cognition (Rosenshine & Meister, 1992).  These strategies draw upon ideas about 
the effectiveness of peer and expert support in facilitating learning beyond what can be 
accomplished by individuals (Vygotsky, 1978; Wood, Bruner, & Ross, 1976).  The 
effectiveness of scaffolding depends on how attuned the teacher is to the needs of the student 
and is inherently temporary (Tobias, 1982), because as the learner becomes more proficient, 
scaffolding gradually becomes redundant and level of support fades.  From the Vygotskian 
perspective, a child’s peers can also provide the necessary scaffolding.  The child becomes as 
much responsible for developing a learning environment as the teacher is.  Hence, dialogue 
and peer interaction formed an important part of the strategies.  In the program, scaffolding 
was applicable in three domains - analytical, social and creative. 
 
Analytic scaffolding supported cognition by stimulating thinking and fostering the 
development of ideas.  The teacher implemented strategies that encouraged students to be 
both critical and creative in their reasoning.  Key initiatives implemented by the teacher 
involved the development of thinking skills.  Metacognition was facilitated with the children 
by the use of a “Thinking Ladder” (Diezmann & Watters, 1998).  The Thinking Ladder, 
which is described in more detail shortly, acknowledges the need for children to make 
reflective judgments about their understanding of concepts (Kitchener & Fischer, 1990).  In 
the development of reflective judgement, an emphasis is placed on the importance of ill-
structured problems (Kitchener & Fischer, 1990). 
 
The teacher also manipulated the learning environment to provide opportunities for learners 
to explore their own interests and to be intellectually challenged.  Classroom activities were 
designed around open-ended problems that afforded multiple opportunities for student 
construction of knowledge through inquiry, discussion and argument (Palincsar, Magnusson, 
Marano, Ford, & Brown, 1997). 
 
Social scaffolding supports cognition through “the scaffolding of norms of social behavior 
and expectations regarding discourse” (Williams & Baxter, 1996 p. 24).  Through social 
scaffolding the teacher provided the management and structure for students to begin to work 
both collaboratively and with self-assurance in their own capabilities (Watters & Diezmann, 
1998).  Social scaffolding is critical to approaches that use discourse as a mechanism for 
knowledge production, however a focus on social scaffolding rather than analytic scaffolding 
can impact negatively on knowledge production if the discourse in which students are 
engaged is inappropriate (Williams & Baxter, 1996).   
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Scaffolding creativity was essentially technical support for implementing projects.  The 
objective of learning may be achieved by the production of a concrete product or 
representation - an elegant problem solution, a machine, an object d’art, or an explanatory 
report.  The outcome emerged through a sense of purpose, a disposition, and commitment to 
apply elements of knowledge in creative ways.  In supporting practical outcomes, the teacher 
scaffolded the generation of creative products relevant to the domain and encouraged 
sustained effort.  For example, many children needed guidance and suggestions to construct 
posters or models. 
 
Autonomous functioning 
In the latter weeks of the program, responsibility for management of the learning was 
devolved to the students.  The fading of support by the teacher is the final component of 
scaffolding.  Thus, by week seven, students were able to engage in tasks and were encultured 
into modes of practice that required little scaffolding from the teacher.  The intent during the 
final stages was to enable students to apply their developing conceptual knowledge to a 
project.  As individuals or groups, they developed a science-based project that they presented 
to peers, parents and relations during the final session.  By this time they needed no 
encouragement to work collaboratively and share tasks across the group.   
 
At the heart of this program was the development of a culture of learning through argument, 
debate, and verification.  The children engaged in this process with alacrity and a level of 
enthusiasm that often bewildered parents who reported stark differences in behaviors in the 
children after each program contrasted to normal school.  Because the program was primarily 
a service for children, naturalistic methodologies for research and evaluation were necessary.  
 
Methods 
Data were acquired through a number of sources.  In the selection process, parents, teachers 
and gifted coordinators or principals provide qualitative student profiles.  This source 
provides insights into the children’s capabilities, interests, and behaviors in school and at 
home.  Each session was videotaped with at least two strategically placed cameras.  The 
videotaping was supplemented with audiotaping.  Tutors working in the program underwent 
debriefing at the end of each session and notes were taken of critical events and behaviors of 
the children.  The teacher (CMD) and observer (JJW) kept field notes.  Other data included 
artefacts, surveys of children and parents, and records of ongoing discussions with parents.   
 
In reporting the outcomes of this program, we will draw on vignettes that depict the 
implementation of the strategies and children’s reactions.  Four episodes will be described in 
order to illustrate how the various strategies were implemented and the accompanying 
behavior of the children.  The episodes include: “the million dollar note,” “pressure in flight,” 
“life on Mars,” and “the takeover.”  The survey data and anecdotal data will provide an 
overview of the main aims of the program, the effectiveness of these strategies in developing 
the children’s interests, and their sense of independence as reasoners and problem solvers. 
 
Implementation 
In the following vignettes of the program, a number of situations emerged as critical events 
that demonstrate how the interaction of teacher and context facilitated the learning experience 
of the children who participated.  Achievement of autonomy required the implementation of a 
philosophical stance as well as a set of strategies.  In these episodes, children were engaged in 
knowledge construction through scaffolded reasoning and problem solving. 
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The Million Dollar note 
Early in the program, a culture of debate and argumentation were established through an 
activity that concerned the “authenticity” of a Million Dollar note.  This activity was 
introduced to generate discussion about knowledge, beliefs and the nature of evidence.  The 
problem had sufficient seductive detail to engage the children for considerable periods of 
time over the program and did not rely on a conceptual knowledge base related to the theme.  
The note was an advertisement for a printing company and was received in a letter box drop 
drop (Figure 1).   
 
Figure 1 The million dollar note 
 
Despite knowing the origin of the note and inspecting it closely, the students could not agree 
on whether or not the note was valuable.  The students’ initial strategy to determine its value 
was to take a vote.  However after the vote, one of the students argued that a vote doesn’t 
prove anything because “that’s only what they [students] are thinking”.  Some students 
appreciated this point and one of them suggested to “ask everyone what their idea was”.  
Reasons were sought from students who thought the note was authentic and from those who 
thought it was a fake.  The students were encouraged to listen to the reasons offered and 
critique each other’s ideas.  Students’ initial reasons were generally based on sensory data, 
such as the pictures on the note and its texture.  It was emphasized that it was acceptable to 
change your mind if convincing reasons were provided.  After no agreement was reached, the 
students were encouraged to think about how to collect evidence to support their viewpoint.  
Students’ suggestions primarily referred to asking people in authority, such as parents, 
teachers, and police officers.   
 
At a practical level, the discussion of the note was usually quite volatile and initiated genuine 
group interaction as a prerequisite to developing a community of inquiry.  The students 
maintained an interest in the issue for several weeks and the debate continued as students 
reported on their findings and suggested alternative methods of testing.  Ultimately, the 
majority of students were in agreement that the note was a fake, or as one child described it, 
“It is real because you can touch it, but whether it’s worth any money is a different story.”  
However in contrast to their initial intuitive methods of testing, students’ later suggestions for 
testing, which they followed through, were more sophisticated.  For example, students 
consulted bank staff, and searched the Internet for information concerning the existence of 
the largest denominations of notes.  Thus, the process of argumentation provided the students 
with an opportunity to clarify and refine their thinking.  This activity provided a referent for 
discussing children’s claims about the nature of knowledge.  It also helped children to engage 
with their parents and others about what constitutes knowledge and proof.  
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Pressure in flight  
During a session associated with understanding the role of pressure in flying, the children had 
been asked to elaborate on their ideas about pressure in general.  These initial, often naïve, 
ideas were recorded on cards, which were then arranged on a board with associated ideas 
positioned together.  Prior to participating in a series of pressure-related activities, the 
students’ attention was directed to developing the concept map further:  At the end of the 
session, Mark announced to the group that what we had produced was called a “concept map” 
(Figure 2).  He described the map in terms of its visual appearance and its function:  
 
Well a concept map is when you do this title in a cloud sort of thing and you like, when 
you circle the cloud you do, and you take it off, and you say what clouds do.  Then you 
put all things [lines and terms] off the clouds and you say what clouds do [explain the 
central idea].   
 
At the next session, Mark was one of the students who returned with an individual concept 
map about pressure.  His map showed an amalgam of ideas from previous activities, such as 
“jumping sultanas1“ and prior knowledge, such as pressure as “stress” that occurs when a 
person “worked to [sic] long.” 
 
Figure 2 Mark’s concept map on pressure 
At the commencement of the session the following week, the students were encouraged to 
select cards with discrete and more complex ideas about pressure and to arrange them to form 
a new concept map.  Although given the option to explore further pressure-related activities, 
three boys, led by Aidan, opted to revise the concept map.  At the end of the session, Aidan 
contributed the following explanation pointing to terms as he spoke. “Pressure is air so it can 
pump up and if it pumps up too much it pops…”  (Italicized terms were part of the concept 
map.)  Aidan’s explanation was relevant to his peers’ experiential base.  Previously, they had 
participated in a balloon popping activity and recorded the phenomena with drawings.   
 
The use of concept mapping was an important strategy in scaffolding the children’s 
understanding of pressure.  Concept mapping supports the development of understanding by 
making concrete the relationships among related ideas (Novak & Gowin, 1984).  It is a form 
of representation of understanding but it goes further because it also acts as a “scratch pad” 
                                                 
1 The children explored the effect of placing sultanas in a beaker containing vinegar and bi-carbonate soda.    
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through which children can consider alternative possibilities, visually explore different 
relationships and describe and justify their emerging ideas.   
 
While the concept map supported the children’s understanding of a particular concept, 
students experienced two difficulties in discussions about a concept.  Firstly, the students 
often merely recalled information without spontaneously applying their ideas to the topic 
under discussion.  Secondly, they focused on the ownership of ideas at the expense of its 
relevance in a discussion.  For example, students commented, “That’s my idea” and that their 
ideas had been “stolen”.  To overcome these difficulties, the emphasis in discussions was 
placed on what students had learnt from the activity rather than what they knew.  The 
students were also introduced to the “Thinking Ladder,” which enabled them to make 
reflective judgments about the quality of their thinking (Figure 3).  This ladder provided a 
concrete referent for how knowledge is created.  The five levels of the ladder acknowledged 
prior knowledge, hands-on activity, distributed cognition, and conceptual understanding.  The 
first level was what a child already knew.  This level was the level that most children were 
initially working at.  Hence, the emphasis needed to shift from what do you “know” to what 
did you “learn”.   
1
2
3
4
5
What did you learn?
Thinking Ladder
making
connections
an old idea
“I already knew that”
a new idea (activity)
build on an idea
link ideas
explain
the big
idea
remembering
 
Figure 3 The Thinking Ladder 
The second level was knowledge that had been developed from an activity.  Thus, there was 
an expectation that the students would learn through participation in sensory experiences.  
Some children in this group were unused to using a “hands-on” experience as a means of 
learning.  For example, in a demonstration and discussion about how a Cartesian Diver 
worked, Martin was quick to point out that he had done this before at school.  However, when 
asked how the diver worked, he replied “We didn’t worry about how it worked.”   
 
The third level was developing an idea further.  This level made it permissible to use another 
person’s idea and add to it.  The fourth level was linking ideas together to facilitate 
understanding.  Making links includes the use of inductive or deductive reasoning to draw a 
conclusion.  The fifth level was being able to explain the “big idea” or conceptual 
understanding.  For example, children were able to identify the involvement of “pressure” in 
a range of quite different activities and to elaborate on it in relation to new applications – 
champagne corks popping, divers, and atmospheric pressure. 
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Thus, the use of concept maps and the Thinking Ladder helped students make connections 
that provided the foundation for knowledge creation.  However, it was important in the 
context of the program that strategies such as concept mapping and thinking ladders were not 
used as structured lesson activities.  These strategies were used as required when the teacher 
had a sense that the children could benefit from the activity.  Furthermore, concept mapping 
was under the control of the children.  In the episode described earlier, the children had the 
opportunity, and were encouraged, to revisit the map and make changes as they saw fit.  
There was no sense of “right” and “wrong” answers as dictated by the teacher.  The children 
were required to justify their understanding when peers or the teacher challenged their 
beliefs.  Rarely would the teacher provide answers and the children came to realise this and 
assumed the role of provocateurs.  The dependence on each other for ideas and support and 
the willingness to engage in discussion and debate would only emerge when the children 
sensed a “risk free” environment. 
 
Life on Mars  
Social learning in a community where argument, discussion, and reconciliation of ideas were 
evident occurred in many situations.  In a risk free environment it would be expected that 
participants would be willing and able to engage in provocation and debate about ideas in an 
orderly fashion.  Classroom discourse is normally teacher centered (Carlsen, 1991; Graesser 
& Person, 1994; Roth, 1996).  Redefining the role of the teacher as a facilitator of discussion 
in which children make propositions, present justifications, challenge propositions and seek 
alternative explanation is the key strategy.  A typical vignette was demonstrated when one 
student Ann initiated a sometimes-heated discussion about the existence of life on Mars 
(Watters & Diezmann, 1998).  
 
Ann was pursuing an interest in Mars and extending on work done in the group over several 
weeks.  Ann presented a description of Mars that made reference to topographical features 
that suggested the existence of water and plant life around the equator.  The discussion that 
ensued subsequent to Ann asserting that life existed on Mars exemplifies the development of 
the community of learners who, as a group, possessed both the domain specific and 
metacognitive knowledge to engage in the reasoning processes typifying scientific thinking. 
 
Ann’s assertion was that, from her reading of books and interpretation of the differences in 
amount of the green colour around Mars shown in the book, she would predict that life 
existed on Mars.  Christian spontaneously initiated a counter argument stating that he was: 
“totally the opposite.”  In response to this opposition Ann reacted in two ways.  Firstly, she 
challenged Christian to provide an alternative explanation of the colour: “What is the green?”  
Christian did not respond to this question directly instead resorted to the counter argument 
“there is no life anywhere in space only on earth.”  Secondly, she sought corroboration from 
the remainder of the group: “Well what about everybody else?”  The atmosphere in which 
this discussion occurred was highly charged.  All children were attentive and actively 
considering their position.  The language used was often forceful and ideas were challenged 
but without ridicule.   
 
A number of children interjected excitedly to support Christian’s viewpoint.  The ensuing 
debate continued for some 20 minutes with children contributing ideas, seeking justifications 
for beliefs, and refuting others’ assertions.  The key ideas that were used to counter Ann’s 
proposition were drawn from factual information collected either through discussion in 
previous sessions or through independent reading initiated as an extension of earlier sessions.  
That is, conditions on Mars were inappropriate for life.  Support for these beliefs drew upon 
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posters and books that stated life existed only on Earth and there was an absence of air on 
Mars.  The central idea obtained from these readings was that there was no oxygen on any 
planet except Earth.  The children reasoned that in the absence of oxygen then life 
(interpreted as human life) could not exist on Mars.   
 
In response to the counter arguments, Ann continued to develop her proposition by answering 
each argument and clarifying her reasoning.  For example, she extended her conclusion by 
the statement that the melting of the ice caps provided water that enabled the plants to grow; 
a phenomenon that was represented in the changing band of colour.  Furthermore, she 
continued to challenge all to provide better explanations of the data or of her reasoning.  For 
example, she retorted:  
Because what – what can the green be?  Can it either be just the colour, or can it be 
something to do ... Mars, or can it be or can it be the colour of Mars or can it be plants. 
With the exception of one child, all children either supported or rejected Ann’s proposition.  
In contrast, Neil was undecided.  He critiqued Ann’s position: 
I suppose, you know that green colour, that the green could be the carbon dioxide, it sort 
of, sort of covers the clouds, or it could be the ground and it could also be the plants ...  
He also critiqued the counter-argument by challenging the source of evidence that suggested 
there was no life on Mars: “Yeah but that is only a poster from a few years ago.”  He finally 
asserted that there “could be life” but remained open-minded.  Despite her strong stance, Ann 
recognized that her argument was subject to verification and she finally conceded that: 
“Nobody actually knows until they actually go to Mars.” 
 
The significant factor in the discourse was the level of interaction.  The children were able to 
identify fallacies in other’s arguments and were prepared to reconsider their own positions.  
While some children held tenaciously to their beliefs, they were critiqued and encouraged to 
see alternative perspectives by other group members.  Ann played a major role in this 
interaction capitalising on the situation to express her views and challenge her peers. 
 
Informal evaluation carried out at the end of the session suggested there had been a 
progression in the children’s scientific understanding of the issue surrounding life on Mars.  
The dynamics of this session did not occur without deliberate intervention by the teacher 
through scaffolding of the discourse (Watters & Diezmann, 1998).  The teacher provided 
little factual input into this debate but ensured that all children had some opportunity for input 
and maintained order.  
 
The takeover  
The students functioned independently as individuals but also collaboratively in developing a 
sense of group cohesion and purpose.  On more than one occasion children demonstrated a 
choice to work alone or with peers.  A feature that regularly emerged was a sense of group 
identity.  For example, on one occasion when the teacher expressed some concern about her 
sore throat, two children took seriously a suggestion by her that they take over the group 
reflection at the conclusion of a session.   
 
Two of the youngest children in the group, Candice and Marcus, immediately called the 
group to order and without hesitation Marcus announced:  “Carmel says we could take over 
because she has a sore throat.”  Without delay, Marcus asked, “does anyone have anything to 
tell?”  Candice and Marcus then organized the speakers at the front of the room.  Marcus 
called upon Sally to describe what she had made during that session.  In the meantime, 
Candice took up the role of scribe and recorded key points on the board.  The session 
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continued as was customary for about 5-10 minutes with children reporting and being 
questioned by their peers. 
 
This episode demonstrated that a learning environment had emerged in which children had a 
sense of being able to negotiate with the teacher, being able to contribute a voice and take 
responsibility for management of their learning, and had a genuine active interest in the 
concepts being discussed.  Clearly, they modelled their behavior on the practices of the 
teacher over the preceding weeks of the program.  However, they took the opportunity when 
the teacher was feeling unwell to take over the workshop.  It was also clear that different 
children took on different roles.  A scribe took control of recording ideas.  Another child 
acted as “facilitator,” as the teacher would, and orchestrated others in their contribution. 
 
Feedback on the program 
Parents and children provided feedback during the program and completed surveys at the end 
of each program.  In response to a question concerning what were the main changes in the 
child’s behavior over the 10-week program a number of parents made reference to greater 
motivation, skills, self-reliance and a preparedness to be work independently – elements of 
increased autonomy.  For example typical comments by parents addressed these issues: 
• He has really increased his ability to work independently this year.  Previously he had lots of 
ideas but seemed to lack the confidence to try them out independently.  He now is very keen to 
work independently and is very motivated to learn. 
• Built his self-esteem through the chance to be more independent!  
• Her natural desire to explore and experiment has been met and other skills such as analysing, 
justifying and verbalising have been enhanced. 
Parents also noted that the children spoke more about their experiences and activities in the 
program than what they did in their regular classes.  The differences between school and the 
program were explored with the children. 
 
Children’s responses to four questions on a survey sheet in which they were asked to 
compare a number of features of the program and their normal school are shown in Figure 4. 
The two learning situations differed substantially in a number of areas.  Ninety percent of the 
children perceived school was about filling in worksheets.  Whilst there was writing and 
recording in the enrichment program, this was voluntary and often was related to the 
production of posters where children were required to write their own messages.  There was a 
clear perception that in the enrichment program children could talk about their ideas.  There 
was a recognition that discussion of ideas was an important component of the program and 
that children were interested in each others’ ideas.  There was also a greater sense of choice 
of activities in the enrichment program.  The key features identified by the children support 
the belief that there was a valued engagement in discussing and thinking about problems with 
opportunities to explore their own interests. 
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Figure 4 Children’s perceptions of the difference between the program and school 
 
Conclusions 
In this paper we have described a philosophy and process for developing autonomy in gifted 
children.  We have argued that autonomy involves the capability of working independently 
and collaboratively and having the disposition to explore ideas and challenge assumptions 
often in the face of resistance.  To become autonomous, children need to be skilled in 
reasoning and to reflect about their own reasoning processes.  We also argued that autonomy 
and associated skills develop in social situations.  Support and recognition are important 
features of the social context.  Thus, the skills and disposition to be scientifically literate need 
developing within the domain of science.  The program has demonstrated that these 
expectations can be achieved.   
 
Two issues emerge from our experiences.  The first has implications for professional 
development and preservice teacher education.  The second is the role of pull-out enrichment 
programs in the education of gifted children. 
 
Students, whether gifted or not, conceive of school thinking as being able to recall 
information and represent this information on demand in tasks that require the lowest level of 
cognitive engagement.  This conception is sustained by teaching practices that focus on the 
acquisition of isolated factual knowledge as the primary goal of education.  This occurs at all 
levels of education and indeed even in preservice teacher education programs.  Learning 
approaches driven by these conceptions are surface and limiting in so far that they fail to 
encourage students to become critical thinkers constructing meaningful knowledge that can 
be applied to interpreting novel events and in problem solving (Marton & Säljö, 1984).  The 
program described here implemented, as far as possible, an authentic learning situation where 
children explored meaningful and interesting problems in partnership with their teacher.  In 
this context, learning was active.  Many teachers lack these experiences either in their own 
schooling or during teacher education courses.  The professional development of teachers to 
enable them to engage in this type of teaching is difficult and requires prolonged engagement 
of practitioners working with academics in collaborative partnerships. 
 
The second issue concerns the importance of pull-out enrichment programs that provide 
valuable opportunities that cannot be achieved in regular classrooms.  While there are many 
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ways of enriching the education of gifted children in normal classrooms, one feature of this 
program that cannot be achieved in normal classrooms is the “critical mass” of intellectual 
activity.  The depth of knowledge, the interest and enthusiasm of all children fuelled the 
dynamic discussions.  As the children acknowledged overwhelmingly, others were interested 
in their ideas.  This context provided that Vygotskian “zone of proximal development” 
whereby all, including the teachers, were constantly challenged to explain.  The children 
reached a level of spontaneous independence - autonomy - that sustains them during their 
regular classroom despite the frequent periods of boredom and revision they are exposed to in 
school.  We sense however, that they have a better sense of themselves as learners and 
compensate for the routine of the regular classroom by pursuing their interest areas equipped 
with the skills they have acquired in this program. 
 
There is no guarantee that these children will become creative adults however, educators need 
to foster rather than impede creativity in order for them to maximise their opportunities to 
achieve personal fulfilment and to become effective participants in society.  
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Implications for practice and future research 
At the core of effective learning is effective teaching.  Learning can occur without teaching 
but the partnership between teacher and learner is synergistic.  This research addresses how a 
teacher can apply contemporary research on cognition, social context, metacognition and 
science education to the context of gifted education.  This research provides a referent for 
implementing a gifted education program.  Initiatives in gifted education can be enhanced by 
an eclectic approach that acknowledges a vast collection of research in many fields.   
 
The future challenge we face and are currently exploring concerns how these strategies can 
be adopted by teachers and implemented in schools and classrooms.  Professional 
development in gifted education needs to address not only the “the how to” but also the 
“why” of interventions.  Thus there are challenges to engage teachers in being more reflective 
about their teaching of gifted children.   
